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PREFACE 

This is the second part of an illustrated manual on the large- 
scale propagation of Cyprinus carpio. the common carp. It 
provides details about the advanced technology which has 
recently been developed in Hungary by using two types of 
hatchery earthen ponds for mass production of carp fry and 
ftngerlings. 

The first part of this manual on the common carp covers Mass 
production of eggs and early fry and appears as Volume 8 in the 
same FAO Training Series. 

The text of this book was prepared in Hungary at the Warm- 
water Fish Hatchery (TEHAG) located at Szazhalombatta, in 
collaboration with the FAO Inland Water Resources and 
Aquaculture Service of the Fishery Resources and Environ- 
ment Division, The authors are Dr L. Horvath and Dr G. 
Tamas. biologists responsible for hatchery' production manage- 
ment at Szazhalombatta and Dr A.G. Coche, Senior Fishery 
Resources Officer (Aquaculture), Fisheries Department, FAO, 
Rome. 

The illustrations arc reproductions of the original water- 
colours by L. Horvath, father of the senior author. Layout and 
design are by A. Wolstad. 

Intended as a teaching aid. a filmstrip is available separately, 
consisting of the colour transparencies of the original water- 
colours. 
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1. COMMON CARP PART 2 - MASS PRODUCTION 
OF ADVANCED FRY AND FINGERLINGS IN PONDS 
This is the second part of an illustrated manual on the large- 
scale propagation of Cyprinus carpio. the common carp. 

It provides details about the advanced technology which has 
recently been developed in Hungary for the mass production of 
carp fry' and fingcrlings in earthen ponds. 

Selected data are summarized in Table 1. 



2. In Part 1 of this manual we have seen how artificial pro- 
pagation may be used for the mass production of carp eggs and 
early fry (1, 2). 

Part 2 explains how to use two types of hatchery earthen ponds 
for the successive mass production of the advanced fry (3) and 
fingcrlings (4) of common carp. 

Using these juveniles, marketable-size fish are then produced 
in fattening ponds (5). 
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3. In temperate zones the production of table fish starts in 
spring in the second year, with (1) the stocking of carp finger- 
lings in fattening ponds. (2) They arc well fed until autumn, 
when they reach the average weight of 200-300 grams. (3) After 
being harvested and sorted by size, (4) they arc then stocked in 
smaller ponds for overwintering. 

The following spring, the third year starts and continues in the 
same way until autumn when the carp average 1-2 kg each. (3) 
They are harvested and sorted by size. (5) part of them are 
marketed (4) and the rest are overwintered. 

In the spring, the marketable-size fish are sorted and marketed, 
some being possibly kept as young broodstock. 

In tropical zones this production cycle can be shortened by at 
least one year, since the growth of the carp is not restricted to 
certain seasons. 



4. Carp juveniles arc reared in earthen ponds where they 
become part of the biological production cycle. 

It will be shown to you which factors arc involved in this cycle 
and how they may affect fish production. 
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5. In the carp ponds, many different organisms live together 
and interact with each other. 

You should become familiar with the most common phyto- 
plankters, /ooplankters. insects and vertebrates living in warm 
earthen ponds. 


6. The technology for the production of 3-cm advanced carp 
fry is then described in detail, using well prepared and closely 
managed earthen ponds for one month. 
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Carp fingerlings 10-40 g in size are produced during the 
following rearing period, in larger ponds. 

The technology will be discussed in the next section ot this 
manual. 


8. In temperate climates, the water temperature in the ponds 
mav reach below 10'C. 

If this is the case, the fingerlings should overwinter under 
appropriate management, which is briefly illustrated. 


9 
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9. In a final section, the efficient organization of fry and fin- 
gerling production is emphasized. 


11 
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BIOLOGY OF 
JUVENILES PRODUCTION 
IN EARTHEN PONDS 


10. BIOLOGY OF JUVENILES PRODUCTION IN 
EARTHEN PONDS 

When earthen ponds are used for the large-scale production of 
carp juveniles, these become part of the biological production 
cycle. 

Solar energy, through photosynthesis, contributes to the pro- 
duction of vegetal organic matter in the ponds: this phyto- 
plankton forms the basis for the development of a mass of 
minute animals known as zooplankton. Juvenile carp feed 
voraciously on zooplankton, choosing the size which best cor- 
responds to their own mouth size. 

Predators consume small carp and losses can be great. 



1 1 . Looking more closely at the biological cycle, it can be seen 
that several other factors are involved in determining the pro- 
ductitity of an earthen pond. 

(1) Soil erosion washes in nutrients, and (2) bacterial activity at 
the bottom of the pond releases others. (3) The organic matter 
of the bottom mud, which consists of thousands of dead orga- 
nisms, is in this way partly recycled into the production system. 
(4) Oxygen in the water originates mostly from absorption at 
the surface and from plant photosynthesis. (5) Carbon dioxide 
(CO,) is generated through the respiration process of animals 
and utilized by plants. 

When no juvenile carp are present, the volume of mud in the 
ponds steadily increases. 
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12. On the other hand, when juvenile carp are present, plank- 
ton and the organisms at the bottom of the pond are consumed 
regularly and transformed into fish flesh, as shown by the yel- 
low arrows. 

The biological cycle (1-5) remains basically the same, except 
for this accumulation of energy within the fish and their release 
of metabolic by-products in the form of urine, faeces and car- 
bon dioxide. 


13. In the following pictures, a closer look is taken at some 
of the living organisms which most influence the biological 
production of juvenile carp in earthen ponds. 

These microscopic green algae belong to the phytoplankton. 
Some examples are species of (1) Pediastrum, (2, 3) Crucigena. 
(4. 6, 8) Scenedesmus, (5) ChloreUa, (7, 9) Tetraedron, (10) 
Richteriella. and (11) Gloeococcus. 
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14. High densities of both blue-green algae and of flagellates 
are undesirable in rearing ponds. (4-8) Blue-green algae indi- 
cate unbalanced environmental conditions. (1-3) Flagellates 
develop well in the presence of water pollution. 

Some examples of flagellates are species of(l) Trachelomonas, (2) 
Plmcus and (3) Euglena. As blue-green algae: (4) Anabaena, (5) 
A pha nizomenon, (6) Dactilococcopsis, and (7. 8) Microcystis. 


1 5. The slow-mov ing rotifers are the most important group of 
microscopic animals for the rearing of early fry. They belong to 
the zooplankton. 

Some examples are species of (1. 3) Keratdla, (2. 4-7) Rrachio- 
nus, (8) Asplanchna, (9) Filina, and (10) Synchaeta. 
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16. The small cladoceres (0.2-0. 5 mm) gradually gain in im- 
portance as the fry grow in size. They also belong to the zoo- 
plankton and they may compete with the rotifers for food. 
Some examples are species of (I) Ceriodaphnia. (2) Bosmina, 
(3) Diaphanosoma, (4) Chydorus. (5) Scapholeberis, and (6) 
Alona. 



17. Larger cladoceres become an important natural food 
supply during the second stage in the fry rearing process. Before 
this, they are undesirable as they compete for food with smaller 
zooplankters. Some examples are species of (1-3, 5) Daphnia. 
(4) Simocephalus, and (5) Moina. 
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18. (A) Adult copepods are zooplankton predators which are 
very dangerous for early carp fry. 

Some examples are species of: 

(1) Cyclops, (2) Diaptomus, and (3) Canthocamptus. 

On the other hand, (B) juvenile copepods could be very useful 
natural food for carp fry, but in practice they cannot be sepa- 
rated from the adults. 

Several juvenile stages exist such as: 

(1) the nauplius and (2) the copcpoditc stages. 



19. Larvae and pupae of mosquitoes (1, 2) and chironomids 
(3) are an important source of food for the advanced carp 
fry. 

The mosquito larvae and pupae live near the water surface, 
hidden among the aquatic vegetation such as, for example, 
species of (I) Anopheles and (2) Culex. 

Chironomid larvae and pupae such as (3) Chironomus plumo- 
sus live in the bottom mud of the ponds. 
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20. In pond areas where dense aquatic vegetation is present, 
large insect larvae may develop in great numbers, preying vora- 
ciously on juvenile carp. 

These are, for example, the water beetle larvae (1) Hydrous 
piceus and (2) Dytiscus marginalis. as well as the dragonfly such 
as (3) Anax imperaior. 


21. (A) Predatory aquatic insects may also cause considerable 
losses among carp fry in the rearing ponds, if control measures 
are not applied. 

Some examples arc species of (1) Ranalra, (2) Corixa, (3) 
Notonecta, and (4) Ncpa. 

(B) Losses may also result from small crustaceans such as spe- 
cies of (1) Triops. (2) Lepidurus. (3) Limnadia, and (4) Bran- 
chipus. 
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22. Important fish losses in the rearing ponds may also be eaused by vertebrate predators such as frogs, snakes, fish and birds. 
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23. PRODUCTION OF ADVANCED FRY 

The intensive production of advanced carp fry about 3 cm 

long, in well prepared earthen ponds, takes 21-30 days. 



24. The chief environmental factors w hich influence carp fry 
production during this first rearing period are: (I) water tem- 
perature, as fast growth and good survival require at least 18'C; 
(2) quality and availability of natural food, as the early fry feed 
on 0.15-0.2 mm /ooplankters such as rotifers; (3) dissolved 
oxygen content which should reach 5-8 mg/l; (4) presence of 
predators such as insect larvae and large copepods which may 
cause high losses: (5) weather conditions, changes of the atmo- 
spheric pressure, sudden temperature variations, and strong 
winds, often resulting in poor survival. 
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25. This is a summary of the technology of the production of 
advanced fry in fry ponds. 

Its most important feature is the good preparation of the dry 
ponds, including fertilization (1). After half filling the ponds 
(2), a selective chemical treatment of the water (3) eliminates 

the cladoccrcs and the cope pods which encourages the strong 
development of rotifers (4). Then the ponds are stocked with 
early fry (5). Some supplementary feed is distributed (6), and 
larger /ooplankters are seeded (7). Advanced fry are harvested 
21-30 days after the filling of the ponds, depending on envi- 
ronmental conditions (8). They are then transported to finger- 
ling ponds for further rearing (9). 


26. The fry rearing ponds arc relatively small, generally vary- 
ing from between 0.01 and 1 ha in size. Their depth averages 
1 m. 

(1) They should have a good water supply, a regularly sloping 
bottom ensuring complete drainage, and an adequate water- 
level control structure at the outlet. 

Good road access to all ponds is also essential. 


Copyrighted material 



27. (A) The pond outlet may be either a monk or a sluice. The 
monk structure may be built in front of the dike (1) or as part 
of it (2). 

In both cases, the water is evacuated by a pipe buried beneath 
the dike. 

The sluice structure is built across the dike and there is no need 
for a pipe (3). 

(B) The water outlet provides the possibility of controlling the 
water level in the pond by using two rows of planks, the space 
between them being filled with compact clayey soil. In front of 
these planks, a screen on top of a third row of planks prevents 
the fish from leaving the pond. 


28. The fry pond has been kept dry since the last fry produc- 
tion season. As the new season starts it is prepared with great 
cafe. 

(1) The dry bottom is cleaned of all vegetation, which is 
burnt. 

(2) Quicklime is spread over all the bottom of the pond at the 
average rate of 150 kg ha. for sterilization and to improve the 
soil structure. 

(3) Organic fertilizer such as pig manure is then distributed at 
the average rate of 5 tonnes, ha to ensure a good growth of the 
natural food organisms. 
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29. The fry pond is half filled. 

Care should be taken to control the entrance of predatory fish. 
This can be done by filtering the water through a fine mesh 
material. (1) placing a filtering box or (2) a simple woven bas- 
ket (2) under the inlet pipe. 

With a more elaborate inlet structure such as a monk, the depth 
at which the water is drawn from the feeding canal can also be 
varied. 

(3) Surface water or (4) water from the bottom can be used 
according to the position of the screen in the front groove of the 
monk. 



30. (A) In small ponds (max. 400 m 3 ), inorganic fertilization 
is applied from the banks in two steps. 

(1) During the filling of the pond, ammonium nitrate fertilizer 
containing 43% nitrate nitrogen is thrown in front of the water 
inlet which will gradually dissolve and spread through the 
entire water of the pond, at the rate of 150 kg/ha. 

(2) When the pond is full, 1 00 kg/ ha of superphosphate fertil- 
izer (18% active ingredient) is spread over the water surface 
from the banks. 

(B) In larger ponds, these two fertilizers arc mixed and applied 
together from a boat to the whole pond surface. 
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3 1 . Under ihc stimulus of the strong fertilization, the various 
groups of zooplankters develop vigorously. Their relative 
abundance (1) varies with time (2). 

First the rotifer population develops toward its peak of abun- 
dance (3). 

This is immediately followed by the small cladoceres (4) and 
later by the large cladoceres and the copepods (5) which suc- 
cessively become predominant. 

This is what would happen normally in the fry' ponds if they 
were not chemically treated for the selective elimination of 
certain organisms. 


32. If the size of the mouth of the early carp fry is compared 
with the individual size of the zooplankters, it becomes evident 
that only the rotifers can be easily eaten by the small fish. They 
are the most desirable group of food organisms for the early 
carp fry which feed on them eagerly. 
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33. In the newly filled pond, the whole range of zooplanktcrs 
would normally start to develop as described above (A). How- 
ever, for the moment, it is only the rotifers which are valuable 
food for the growth of the early fry. Therefore, the larger zoo- 
plankters should be selectively eliminated (B). This will reduce 
the food competition of the cladoceres to the profit of the 
rotifers and it will increase the survival of the rotifers by elim- 
inating their predators, the copepods. The largest copepods 
which prey on the early fry will also be eliminated. 

A larger population of rotifers will be present in the pond and it 
will develop over a longer period of time. It is only when the early 
carp fry have increased in size that the cladoceres and the cope- 
pods will start to appear again and to develop normally. 


34. The half-full pond is chemically treated for the selective 
elimination of the cladoceres and the copepods. The rotifers 
arc not affected by this treatment. 

Calculate the volume in cubic metres of the water present in 
the pond. Take 1 %/ m’ water of an agricultural insecticide such 
as Flibol, Dipterex or Masoten (an organophosphoric acid ester 
or trichlorfon). (1) Dissolve the total required quantity of insec- 
ticide into 10 1 of water and apply this concentrated solution 
evenly to the pond. 

(2) If it is a small pond, the solution is thrown on to the surface 
of the water from the banks. 

(3) If the pond is large, a boat is necessary. The final concen- 
tration of the insecticide in the pond water should be 1 mg I or 
1 part per million. 
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35. To see whether the selective treatment has been effective, 
the zooplankton should be regularly checked. 

There should be no cladocere and no copepod for the next 5 
days, but the rotifer abundance should increase rapidly . 

To check this, filter 100 1 of pond water through a plankton net 
with 120-180 micron mesh. Pour the plankton sample into a 
graduated glass tube. Add 1-2 drops of formalin to the tube to 
kill the zooplanktcrs. An hour should pass before their sedi- 
mentation at the bottom of the tube. The volume of rotifers 
present should then be read. 

When it reaches 2-3 ml per 100 1 water, the pond is ready to be 
stocked with the early fry. Remember that this usually takes 
4-5 days. 

The preparation of the ponds and the hatchery production of 
the early fry should therefore be planned accordingly! 



36. When the rotifer population has reached its optimum 
level about 4-5 days after the chemical treatment, the early fry 
should be stocked as soon as possible. They arc transported 
from the hatchery to the ponds by various means, depending 
on the length of time the journey will take. Close to the 
hatchery, the transport can be done on foot. (1) carry ing them 
in 30 I plastic pails or (2) using a small tractor/trailer with a 
fibreglass water tank. For longer distances. (3) small trucks and 
(4) lorries are used, equipped with oxygenated water tanks. 
During this transport, the density of early fry varies from 1 to 2 
million per cubic metre of water. Transport in plastic bags is 
also common practice, as described in the first manual. 
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37. The early fry are stocked in the fry ponds at the rate of 
200-600 ind./m 2 , according to the size of the pond and its 
potential productivity. Smaller ponds, highly productive, are 
stocked at the highest density. 

(1) It is very important to ensure that the water temperature in 
the transport container does not differ more than 2‘C from that 
in the pond. 

After a long journey in a plastic bag, for example, (2) the bag 
should be immersed in the pond water for at least half an hour 
before the fry are released into the pond. 

(3) In a fibreglass tank the temperature is equalized by grad- 
ually adding pond water to the lank and it is only when the 
water temperatures are very similar that stocking is done, (4) 
using the flexible canvas tube from the inclined tank. 

About a week after this stocking, the half-full pond should 
begin to be filled, raising its water level gradually until it is 
completely full. 



38. When stocking large fry ponds from a heavy lorry, the fish 
are transferred to the pond by means of a plastic chute. 

In such large ponds the risks of losses are very great. 

It is advisable to place 100-200 early fry in a small netting 
enclosure to control their first few weeks' survival. 
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39. Soon after their stocking into the pond, the early fry 
voraciously feed on the abundant rotifers present. Their growth 
is fast and their survival rate high. But as they grow they pro- 
gressively require larger preys to feed on and the individual size 
of the natural food organisms which are available should grad- 
ually increase. 

Three main feeding phases may be defined during this first 
month rearing in the fry ponds. 


40. During the first 10 days after stocking, the early fry will 
preferably feed on rotifers. 

Because of such heavy predation the abundance of the rotifer 
population will slowly decrease as the carp fry grow quickly. 
By the end of this period the individual size of the rotifers 
becomes too small to satisfy fully the needs of the fry. 
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41. From about the tenth to the twentieth day the best food 
for carp fry consists of small cladoceres and copcpods. 

The populations of these zooplanktcrs have started to develop 
again in the pond about 5 days after the application of the 
chemical treatment which had eliminated them in favour of the 
rotifers. 

It is also then that the stocking of the early fry had taken place 
and. a little later, that the pond had been completely filled. It is 
also during this period that zooplankton is added to the pond 
to assist its rcpopulation with larger food organisms, as shown 
later — sec item 46. 


42. During the last 5-10 days of this first rearing period, the 
fry' feed on all cladoceres and copepods. 

They arc also able to consume small insect larvae such as chi- 
ronomids and mayflies ( Cleon sp.). 
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43. In addition to the natural food which is so important to 
early fry, it is necessary to provide artificial food to ensure the 
best possible growth and survival during this first month of 
rearing. 

Although both natural and artificial feed arc available to the 
fish from the beginning of the period, the quantity of each type 
of food consumed (1) varies with time (2). Initially, only nat- 
ural food is taken, its consumption reaching its peak about 10 
days afier stocking (3). 

This is followed by a reduction in natural food consumption as 
the preference for the artificial feed gradually increases (4). 

By the end of the month the fry consume relatively little nat- 
ural food, and the predominance of artificial food is appar- 
ent. 

It is therefore necessary to increase regularly the quantity of 
artificial food distributed daily during the rearing period (5). 
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44. The artificial food consists of a mixture of equal parts of 
soybean meal (1), wheat meal (2), fish meal (3) and blood (or 
meat) meal (4). It is in the form of a very fine dry powder made 
of 0. 1-0.2 mm panicles. 

At the beginning of the period, it is distributed at the rate of 1 
litre per 100 000 fry. This daily feeding ration (DFR) gradually 
increases during the month up to 5 litres per 100000 fry. 
Food is distributed once a day in the morning or preferably 
several times daily, the DFR being then divided accordingly. 
Two feeding methods are used. (A) In small ponds, the anificial 
food is scattered over the water surface from the banks. On 
windy days the direction of the wind should be taken into 
account, as it will tend to agglomerate the floating food in one 
part of the pond only. 

(B) In larger ponds, the powdered food is diluted with water in 
a bucket. The liquid mixture is then distributed from a boat at 
various places around the pond. 
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45. The water management of the fry pond is highly impor- 
tant, since its objective is to optimize the environmental con- 
ditions for the production of carp fry. It is carried out in five 
stages. 

(1) After its preparation in the dry state, the fry pond is half 
filled with filtered water and the chemical treatment is applied. 

(2) About five days later, the early fry are stocked in the half 
full pond, (3) One week later, the filling of the pond is slowly 
completed, and larger zooplankton is stocked. (4) From now 
on. the water level is kept stable and additional water is sup- 
plied only to compensate for seepage and evaporation. (5) If by 
the end of the month the fry survival is good, the water supply 
is increased for a few days before harvesting to create an over- 
flow. 


46. About 12 days after the chemical treatment of the pond 
water to eliminate the larger /.ooplankters, it is advisable to 
reintroduce some of them as seeds, particularly the cladoceres 
Moina and Daphnia, These are collected from other ponds 
with a zooplankton net and transported either in buckets (A) or 
in a tank (B). 

In small fry ponds (100-400 m 3 ), a living biomass of 100-200 
ml or about one full bucket of a dense zooplankton population 
is required. 

In larger fry ponds, a 1 -litre biomass should be sufficient. This 
zooplankton will rapidly reproduce in the well-fertilized pond 
to boost the resident population. 
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47. During the first rearing period, the growth, survival and health of the growing fry should be regularly controlled. ( 1 ) The fry may 
be observed directly in the pond, using a white plate as a background. (2) They may also be fished easily along the banks and in grassy 
areas, using a fine mesh dip net. (3) Their swimming behaviour together w ith their general condition can be observed in a glass of water. 
( 4 ) The presence of ectoparasites can be detected with a binocular microscope. 
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48. What Is a "good" or a “bad" fry? 


Good fry (A) Bad fry (B) 


Body shape: 

deep, plump 

slender, 

bighcad 

Colour: 

belly 

deep yellow 

yellowish 

back 

greyish green 

dark 

tail 

bright, shiny 

dull 

Tail movement: 

very rapid 

and hardly 
visible 

slow and 
easily 
visible 



49. The growth of the fry (1) in length and (2) in weight 
during this first rearing period varies aecording to the environ- 
mental conditions. 

In general, however, if these conditions meet the average stan- 
dards. (I) the total length of the fry in centimetres should reach 
about 3 cm and (2) their live weight in milligrams should (3) be 
about 300 mg by the end of the four-week period. 
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50. By the end of the first rearing period the young carp have 
become advanced fry. They measure from 2.5 to 3 cm in length, 
weighing from 200 to 300 mg each. 

The survival rate during these 25-30 days usually varies from 
30 to 60%. 
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51. The time has come to harvest the advanced fry and trans- 
fer them to larger ponds. 

If the aquatic insects such as Corixa arc too adundant. the pond 
is first treated with a dose of I ppm of an agricultural insecti- 
cide. The same chemical used for eliminating the larger zoo- 
plankters can be applied, see item 34. 

(1) The water level is then slowly lowered through the out- 
let. 

(2) When the pond is half drained, fishing starts with a fine- 
mesh seine net. 

When most of the fry have been removed, the water depth is 
further reduced. 

(3) Toward the end of the draining, a fixed trap is placed in the 
outlet and the remaining fry are captured as the pond is com- 
pletely drained. 

(4) During these operations, a long fine-mesh screen is slid into 
the outlet structure, in front of the two rows of wooden planks, 
to prevent the escape of fry. 

Toward the end of the harvest this screen is replaced by the 
fixed trap as the last planks are being removed. 
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52. The fishing with the seine net is done along the pond 
banks. (1) Two fishermen pull the fine-mesh net until they 
have collected a certain number of fry. (2) They then turn the 
net toward the bank where they place it horizontally, keeping 
the fry in the middle. (3) They slowly concentrate the fry into a 
small pocket, being careful always to keep them under water. 
(4) The fry are transferred from the net to a water container, 
using a dip net. 

Depending on the average size of the fry the mesh size of the 
seine net is either 2 mm square for 2-cm fry or 4 mm square for 
3 -cm fry. 

In both cases, the netting is generally nylon curtain material. 
The seine net is 10-20 m long, according to the size of the pond, 
and about 2 m high. Secured at each end to 1.20-m wooden 
poles and mounted on ropes with floats and lead sinkers, it 
very effectively captures the fry in its baggy central part as it is 
dragged along the pond bottom. 



53. The fixed trap may be of two kinds. 

(1) A I x 0.6 x 0.6 m wooden frame covered on two sides only 
with fine-mesh netting may be directly attached with a flexible 
joint to the draining pipe. 

(2) A V-shape net trap mounted on a wooden frame may be 
slid into the outlet structure and held open by a series of 
stretching lines. 

In both cases the fry should be constantly removed from the 
traps with a dip net to avoid great losses caused by the strong 
water current flowing through them. 
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54. The advanced fry are transported from the ponds to stor- 
age nets to be sorted and counted before they are transported 
and slocked in flngcrling ponds. 

The nets (for example 2 x 1 x 0.8 m) are made of fine-mesh (2-4 
mm) netting such as nylon curtain material. They are sus- 
pended from two sides into water-filled tanks supplied with a 
continuous inflow of water sprayed on the surface of each 
enclosure. A light frame is placed into each net to keep its 
bottom part down. (1) The fry are transferred into the nets on 
arrival from the ponds. (2) They arc stored there without feed- 
ing for 24 hours maximum. (3) It is very easy to transfer them 
to the lorries for transport. (4) A similar system can be built in 
a comer of a pond, next to the water inlet, by attaching a 
similar storage net inside four poles. 


55. The estimate of the number of advanced fry stored in the 
nets is obtained on the basis of the volume of a known number 
of fish. (1) A 5-cm tea strainer should be filled with fish which 
arc then counted one by one. (2) Using the same strainer, the 
number of such tea strainers needed to be filled with fish in 
order to fill a larger strainer (about 14 cm in diameter) can be 
obtained. The number of fish contained in the latter can be 
estimated by multiplying the number of fish in the small tea 
strainer by the number of such strainers required to fill the 
larger one. This larger strainer now becomes the basis for esti- 
mating numbers of this particular population of carp fry for 
transport. For example, 175 fry are counted in the small tea 
strainer and you need 10 small strainers to fill the large one. 
This large tea strainer holds 175 x 10 = I 750 fry. 
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56. Before transport and stocking, the advanced carp fry are 
given a quick salt bath to control ectoparasites, Trichodina in 
particular. 

(1) A 2-3% salt solution is prepared by adding 1-1,5 kg com- 
mon salt to 50 l water. 

(2) A piece of fine-mesh netting is placed within the contain- 
er. 

(3-4) Batches of fish are successively treated by being dipped 
for 30-40 seconds in the salt solution. 

(5) The fish are then kept in clean and well-aerated water (6) 
until their transport. 


57. Advanced fry can be transported for long distances by 

road or by air in plastic bags 55-60 cm in diameter and 80-90 
cm high. 

(1) 20 1 of clean water arc first poured into the bag which is 
carefully checked for leaks. (2) 2 000 to 5 000 advanced fry arc 
placed in the water, depending on the duration of the transport, 
and the rest of the bag volume (at least 20 1) is filled with 
oxygen. 

(3) The bag is tightly closed with a piece of siring. 

(4) It is checked again for possible leaks before it is placed in a 
cardboard box for transport. For additional security, the first 
plastic bag can be put inside a second one. 
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58. Advanced fry are also transported for short distances on 
foot in water pails (1) and by small tractor trailer in fibreglass 
tanks (2). 

For longer distances such tanks are fitted on to small trucks (3) 
or larger lorries (4), together with oxygen cylinders. 
Depending on the duration of the transport, 50 000 to 100 000 
advanced fry are stocked per cubic metre of water and contin- 
uous diffusion of oxygen is assured. 

Remember to equalize the temperature of the water in the 
transport container with the storage water temperature. 
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59. Fibreglass water tanks of about 1 m' capacity are very 
convenient for the transport of advanced fry. They can be fitted 
to the platform of small trailers or trucks. An oxygen cylinder is 
connected to a large diffuser made of plastic tubing mounted 
on a metal frame. 

Such a water tank may safely transport up to 100 000 advanced 
fry for 2-3 hours, for example, around the hatchery farm. 

A flexible pipe is used to transfer the fry from the tank to the 
pond directly. 
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60. PRODUCTION OF FINGERLINGS 

The objective of the second rearing period is to grow the 
advanced carp fry to the fingerling size of 10-40 g. 

In temperate climates this period generally lasts 3-4 months 
from July to October. 

In comparison with the first rearing period the chances of good 
survival arc much higher and the fish require less protec- 
tion. 



61. The following are the main environmental factors which 
influence carp fingerling production during this second rearing 
period. (1) Warm water temperatures will accelerate growth 
and increase production. (3) The water-dissolved oxygen con- 
tent should remain high (5-8 mg 1) for best results. (4) Preda- 
tors may still cause great losses, particularly the larger ones 
such as frogs and birds. 

(2) The importance of the quality and availability of natural 
food gradually decreases as the fry grow older and artificial 
food is introduced. (5) The weather conditions also become less 
vital, now that the fish have reached a larger size. 
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62. (1) The fingerling ponds are larger, generally ranging from 
l 10 10 ha. Their depth varies from 1 to 1.5 m. They should 
have a good water supply large enough to fill the pond rapid- 
ly- 

(2) The outlet structure generally consists of a monk but for the 
larger ponds it is advisable to build outside fishing channels 
also. Several ponds may be drained through a common fishing 
channel. (3) Next to the harvesting area a working platform 
with road access is built where large quantities of fish may be 
efficiently handled for sorting, weighing, and transport loading. 
The banks of such large ponds should be protected against 
wave action by allowing the growth of emerged aquatic plants 
such as reeds along the wind-exposed banks. 
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63. The fingerling ponds are kept dry during winter. 

In early spring they are repaired and cleaned. 

(1) The damaged banks are rebuilt. 

(2) The dry permanent vegetation which protects the banks is 
cut short so that it will produce new shoots soon. 

(3) The whole bottom surface is stripped of vegetation. 

(4) The reeds ( Phragmites commtmis/ are prepared for sale. 
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64. When the climate becomes warmer, it is time to prepare 
the ponds before filling them with water. 

(1) The w et parts of the pond bottom arc limed with an av erage 
dose of 150 kg ha. 

(2) Organic fertilizers such as pig or chicken manure are spread 
over the entire surface (2-3 tonnes/ha), and this is followed by a 
very shallow loosening of the bottom soil. 

(3) The most exposed banks are protected, where necessary 1 , 
with woven branches. 

( 4 ) The water outlet of the pond is scaled with two rows of 
planks and clayey soil. The pond is then rapidly filled with 

water. 


65. Inorganic fertilizers are applied when the pond is com- 
pletely filled. 

Superphosphate (100 kg ha) and ammonium nitrate (150 
kg ha) arc spread over the entire surface of the water from a 
boat. 
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66. As described earlier — see items 57, 58 and 59 — the 
advanced fry are transported by various means in water pails, 
plastic bags and water tanks. The transport takes place prefer- 
ably during the coolest hours of the day. 

On arrival at the pond the temperature of the water in the 
containers is equalized within 2-3'C with the temperature of 
the pond water. 

A plastic chute (1) is used to transfer the fry from large lorries 
directly into the pond. The stocking rate of the fingerling ponds 
ranges from 50 000 to 100 000 ind. ha depending on the size of 
the pond and its productivity potential. 

Smaller productive ponds are stocked at the highest density. 


67. The feeding regime of the advanced fry changes as they 
grow larger. 

When considering the amount of food consumed (1) versus 
time (2). large zooplankters and other kinds of natural food, 
especially chironomids. gain importance at first until they 
reach a peak after about a month (3). 

It is therefore advisable to favour the development of large 
zooplankton and bottom fauna populations by means of fertil- 
ization to support the growth of the advanced fry at the begin- 
ning. 

Later, it is the artificial food which steadilv gains importance 

( 4 ). 
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68. As the carp grow, the daily ration of artificial food 
expressed in percent of the weight of fish should be progres- 
sively reduced. It should be further reduced as the water tem- 
perature drops, especially when it becomes less than I2‘C. 
Carp stop feeding completely at around 7*C. 

With a lo« fish density of about 50 000 ind.ha (A) the food of 
the adv anced fry consists, in equal proportions, of artificial (1) 
and natural (2) feed. The artificial food contains mainly ground 
wheat and is distributed at the maximum daily rate of 10% of 
the fish biomass. 

With a high fish density of at least 100 000 ind./ha (B). the 
food of the fish consists of little natural food (2) and. in roughly 
equal proportions, of two kinds of artificial feed. 

Ground wheat is distributed at the maximum daily rate of 10% 
of the fish biomass (1) 

A balanced food containing about 30% protein (half of animal 
origin) is distributed daily at the rate of 5-10% of the fish 
biomass (3). This last food is supplied as 3-mm dry sinking 
pellets. 



69. The artificial food is distributed daily from a boat, at fixed 
feeding stations identified by wooden poles. 

About 5-7 feeding stations per hectare are chosen around the 
fingerling pond. 
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70. Special feeding boats are generally used on the larger 
ponds. 

(3) There is an opening along the bottom of the boat, whose 
width may be regulated by the boat driver. 

(2) The feed is taken out by the water current as the boat moves 
along feeding lines (1) identified in the pond with wooden 
poles. 


71. The daily rations of artificial food are adjusted to the 
appetite of the fish. The consumption of the feed is regularly 
checked by the fishermen, using a light scooper made of fine- 
mesh metal netting, for example (1). 

Two to three hours after the morning food distribution, a few 
feeding stations are checked with the scooper. If there is no 
food left, the daily ration will be slightly increased the following 
day. 

If a lot of food is still present, a second check is made 5-6 hours 
later, if much food can still be found, the daily ration for future 
days will be decreased. 
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72. The water management of the fingcrling ponds consists in 
keeping the level constant throughout the rearing period. 

(1) The pond is filled full and fertilized. 

(2) The ilsh are stocked. Evers two weeks, the pond water is 
fertilized in an effort to keep the level of plankton production 
constant. (3) Liquid pig manure in particular is distributed 
along the banks at the rate of 10 m’ ha of pond. Superphos- 
phate (20-30 kg ha) and ammonium nitrate (20-30 kg ha) are 
spread over the entire surface from a boat. 

(4) Toward the end of the rearing period w hen there is danger 
of overstocking, the water supply is increased to create a 
stronger flow through the pond. 


73. The fish are sampled every 2-3 weeks at the feeding sta- 
tions. A few hundred fish from each fingerling pond are caught 
in a casting net. The average individual weight is calculated 
from their total weight and number. On the basis of the quan- 
tity of artificial food distributed between successive controls, 
the food conversion rate is calculated and the efficiency of the 
pond production evaluated. 

If the food conversion rate docs not exceed 3.5 to 4. production 
efficiency is good. When the food conversion rate becomes 
higher, the reason for the drop in efficiency should be investi- 
gated. It is usually due to the presence of disease or parasites, or 
to a decline in the availability of natural food. Remedial mea- 
sures are then applied and the production efficiency reestab- 
lished to an acceptable level. 
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74. This example show's how to set about evaluating produc- 
tion efficiency in a fingerling pond during a specific two-week 
period. 

At the stan of this period, the average weight of the carp has 
already been found to be I g by means of the previous sam- 
pling. As the stock of advanced fry was 100 000. the standing 
crop was then I g x 100 000 = 100 kg. 

At the end of the period, two weeks later, it can be determined 
from the sampling that the carp now average 2 g. So the stand- 
ing crop is 2 g x 100 000 = 200 kg and the production during the 
last two weeks has been 200 kg — 100 kg = 100 kg. 

An average daily ration equal to 1 5% of the fish biomass pres- 
ent at the beginning of the period has been fed and 0.15 x 100 
kg = 15 kg artificial food have been distributed each day. 
During the entire period under examination, 15 kg x 14 days = 
210 kg have been distributed. These 210 kg of food have 
resulted in a 100-kg carp production and therefore the food 
conversion rate is 210 kg : 100 kg = 2.1. 

It is concluded that the efficiency of the fish production during 
the last two weeks has been good in this particular fingerling 
pond. 
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75. The sampled fish are also examined to determine their 
feeding regime. 

(1) After the distribution of artificial food the carp fry eat it, (2) 
but later they collect natural food organisms from the water 
column and from the bottom. 

(3) To estimate the proportion in which these two types of food 
arc consumed by the carp fry, the fish farmer presses the fish 
body laterally and obtains some intestinal content. 

(4) According to its colour he can tell which type of food the 
fish has eaten, natural food (dark) or artificial food 
(greyish/white). If the whole intestinal tract can be examined, 
the two types of food will generally be found alternating. 
When the relative amount of dark areas decreases, it indicates 
that carp have changed their feeding regime in favour of arti- 
ficial food and that the addition of some high protein pellets to 
the feeding ration may become necessary. 
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76. What is a “good” or a “bad” fingerling? 



(A) 

Good 

fingerling 

(B) 

Bad 

fingerling 

Body shape: 

deep. 

slender. 


plump 

bighead 

Colour: 

* 


belly 

deep 

yellow 

yellowish 

back 

greyish 

green 

dark 

tail 

bright, 

shiny 

dull 



77. The health aspects of some of the sampled fish should be 
examined under a binocular microscope. This is best done by a 
biologist or a veterinary doctor. 

If necessary , therapeutic treatments arc applied, such as (1) the 
chemical treatment of the pond water or (2) the distribution of 
medicated feed. 

(3) In simpler cases, an increased water exchange through the 
pond may be sufficient. 
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78. Most common in the lingerling ponds during the warm 
season are the monocellular ectoparasites such as lchthyo- 
phlhirius mullifilis. the white spot disease or “ich". 

(1) The pond is treated against these with malachite green at 
the final concentration of 0.1 ppm. Also very common are: (2) 
Trichodina on the fins, (3) C’oslia on the gills, and (4) Chilo- 
donella on the gills and fins. 

For these last three parasites the pond is treated with copper 
oxychloride at the final concentration of 4 ppm. 


79. Other ectoparasites can also cause great damage if they 
become numerous and remain unchecked, as for example: (1) 
Argidus fohaceus, (2) Lernaea cyprinacea, (3) Ergasilus siebol- 
di. (4) Dactyiogyrus vastaior, and the leech (5) Piscicola geo- 
metra. 

The pond should be treated with an agricultural insecticide — 
see item 34 — at the final concentration of I ppm, or I 

g/m 5 . 
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80. Occasionally serious fish diseases may develop in ihe fin- 
gerling ponds. In such eases, the advice of a veterinarian 
becomes necessary. 

Examples are: (A) the gill rot and gill necrosis caused by the 
combined action of a fungus and bacteria, in adverse environ- 
ments. The treatment consists in treating the pond with chlo- 
rinated lime (I ppm) and increasing the water exchange. 

(B) (I) Gill infection and (2) fin rot are bacterial diseases. 
Small ponds can be treated with malachite green (0. 1 ppm), but 
in large ponds only chlorinated lime (I ppm) can be used. The 
water exchange should then be increased. 


81. By the end of the second rearing period w hich lasts for 3-4 
months, the advanced carp fry have grown into fingerlings. 
The average survival rate is normally 80%. 

The yield ranges from 1 to 2 t. ha. 

The carp fingerlings. also called “yearlings" in temperate coun- 
tries, have a total length ranging from 8-12 cm and a live 
weight varying from 10 to 40 g. 
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82. At the end of the second rearing period, (A) the finger- 
lings are harvested with large seine nets. 

These nets arc 20-30 m long and 2.5 m high. 

(2) Their 10-15-mm mesh netting is attached on each side at 
regular intervals, to (1) 1.5 m wooden poles to form a baggy 
shape. 

(3) The top of the netting is mounted on a rope with floats 
while (4) its bottom part is mounted on a rope with sinkers. 

(5) Two comers are reinforced with steel tubing. 

The seine is slowly pulled vertically along the pond bottom 
through two long ropes. 

(6) Each of them is attached both at the top and the bottom of 
the wooden poles. 

(B) During the harvest, double-frame dip nets (30 cm diameter) 
are frequently used, too. 



83. The fmgerlings are transferred through the outlet structure 
from the large rearing pond to the outside fishing channel, as 
the water is slowly drained from the pond. 

The channel is then repeatedly fished with the seine net toward 
the working platform where the fish are harvested. 

All this should be done early in the morning before the air 
temperature warms up. 
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84. In rearing ponds not connected to a fishing channel. (1) 
the water is partly drained so that more than half the pond 
becomes dry. (2) Water and fish are now concentrated in the 
deeper channels and in the lower part of the pond. 

(3) These areas are fished with the seine net toward the har- 
vesting areas, near the access road and next to the monk. 
Finally, the last pan of the harvest is collected in front of the 
monk where a fishing pit is sometimes built. (4) The water 
drains out of the pond into the draining canal (4). 


72 


85. The harvested fingerlings are brought to the sorting table 
where they are sorted by size and, if necessary, by species. 
(1) The fish arc poured onto the table. 

Several fishermen sort the fish rapidly. (2) pushing the various 
sizes through side apertures into dificrent 50-1 water contain- 
ers. The live carp arc kept in these containers only for a short 
time. They are then immediately placed in clean water again, 
usually in a transport container. 

All these operations usually take place in an open shed built on 
a working platform. 

As the fingerlings have to be kept alive, it is important that 
they remain out of the water as little as possible and that the 
work proceeds with diligence and efficiency. 
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86. For sorting large quantities of fish, a rubber conveyor belt moving horizontally is used. 

(1) The harvested fmgerlings are transferred to the head of the conveyor belt. As they are moved along. (2) they are sorted by fishermen 
into water containers. 

(3-4) The most abundant size/species is left on the belt to drop at the end cither into a large container or into a chute and a storage basin 
which can be fished later. 
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87. The sorted fingerlings are transported from the harvesting 
site and stocked in either (1) storage ponds or (2) fattening 
ponds. 

In the first case, the fish will be marketed outside the farm or 
they will overwinter, as discussed in the next section. 

In the second case, the fingerlings will continue to grow until 
they reach marketable size. 


88. During transportation, a chemical treatment may be ap- 
plied for the elimination of ectoparasites. 

In such cases, five minutes before reaching the pond where the 
carp will be stocked, a mixed solution of three chemicals is 
poured into the transport container as follows: common salt 
(final concentration 2 kg m 5 ), agricultural insecticide (200 
g'm 3 ). and malachite green (0.1 ppm). 

For this last chemical, a stock solution is first prepared by mix- 
ing 20 g (1 tablespoon) of malachite green with 100 1 water. 
To obtain a 0.1 -ppm concentration. 0.5 1 of this stock solution 
per cubic metre water in the fish container is used. 
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89. THE OVERWINTERING SEASON 

In temperate climates when the water temperature reaches 

below 10‘C, the overwintering season starts. 

In Hungary near Budapest, this season lasts for about five 
months from November to March. 

Wintering ponds arc relatively small (600 - 1 000 m : ) and deep 

(2 m). 

Since common carp consume very little food below 10‘C and 
stop feeding at 7’C. there is no food distribution in the w intering 
ponds. 



90. The preparation of the wintering ponds involves several 
operations. 

(1) The pond bottom is treated with lime (200 kg, ha) and the 
pond is filled with water. (2) The pond water is then treated 
with malachite green (5 mg I) to prevent infections. (3) This 
chemical is progressively washed out and the flngerlings are 
stocked at the rate of 100 kg per 10 l/minute water inflow'. 
For example. 1 000-m : wintering ponds, 2 m deep, and equip- 
ped with an inlet pipe of 20 cm diameter, receive a maximum 
water inflow' of 600 l min. 

In such ponds a maximum of 6 t of fmgerlings can be over- 
wintered. which represents an average fish density of 3 
kg m>. 
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91. Every week the malachite green treatment of the pond 
water is repeated, but at the lower concentration of 0.1 
mg/1. 

The necessary quantity of malachite green is dissolved in a 
bucket of water. (1) Half of this solution is poured close to the 
water inlet, the other half being distributed around the 
pond. 

(2) Every day the dead fish are removed from the pond, if 
necessary using a grappling hook. 


92. Every week. too. fish are sampled using a casting net 
Their health condition is checked by a specialized veterinar- 
ian. 

Just as ectoparasitie infections predominate in warm condi- 
tions, bacterial and viral diseases arc particularly common in 
cold water. 
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93. When ice covers the wintering pond it should be removed 
around the monk. 

(1) A spreading plate is fixed under the water inflow to increase 
the oxygenation of the water. 


94. Because of the high density of fmgerlings in the wintering 
pond and their slow swimming, they are easily caught by pred- 
atory water birds such as gulls. It is important to keep these 
birds away from the ponds. 
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95. ORGANIZATION OF FISH PRODUCTION 
The mass production of advanced carp fry and fingcrlings in 
earthen ponds is the second step in the general scheme of food 
fish production. Its success depends to a large extent on ctTi- 
cient organization. 



96. As shown in Part 1,(1) good broodstock management 
prepares selected carp breeders for their successful artificial 
propagation and the mass production of early fry (2) in the 
hatchery. 

In this Part 2, the use of earthen ponds for the subsequent mass 
production of (3) advanced fry and (4) fingerlings has been 
illustrated. 

In temperate climates, these four production phases take place 
during the first growing season. (5) They arc followed during 
the next two years by the production of fish for the table in 
fattening ponds (S). 

In warmer climates, the complete production cycle can be 
shortened by at least one year if carp growth progresses 
throughout most of the year. 
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97. The carp fingcrlings which are not further grown by the 
producer can be sold to others to be used in various ways. 
They may be stocked in natural waters such as lakes and rivers, 
either lo improve the natural stocks or to support sport fish- 
ing. 

They may also be stocked in ponds at other fish farms, either 
for extensive or semi-extensive production of table fish. 

In temperate climates this will usually require two more grow- 
ing seasons at the end of which the carp weigh from 1 to 2 
kg- 


98. A production manager (1) supervises the staff necessary 
for the proper planning and execution of the production pro- 
gramme in a large-scale hatchery. 

In Hungary', three main production sections exist: for the pro- 
duction of (A) eggs and early fry. (B) advanced fry, and (C) 
fingcrlings respectively. 

Each of these sections is managed by an experienced technician 
such as (2) an Agricultural Engineer. Under his leadership, (4) 
skilled workers arc supervised by (3) a Fishery Master with a 
lot of local experience. 
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99. Support services are very important. They may include: (1) administration, (2) fish health. (3) transport, (4) maintenance, 
(5) security and (6) stores. 
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TABLE 1 


SELECTED DATA ON THE PRODUCTION OF ADVANCED 
FRY AND FINGERLINGS OF COMMON CARP 



Advanced fry 
production 

Fingerling 

production 

Duration of rearing 
Water temperature 
Size of ponds 

3-4 weeks 
20-25‘C 
0.01-1 ha 

3-4 months 
20-25*C 
1-10 ha 

Liming of 

dry ponds, kg ha 

150 

wet parts only, 1 50 

Fertilization, 

pond preparation 

organic 5 t/ha 
superphosphate 
100 kg ha 
ammonium nitrate 
1 50 kg/ha 

organic 2-3 t/ha 
superphosphate 
1 00 kg ha 

ammonium nitrate 
1 50 kg' ha 

Stocking rate, ind. 'm 3 

200-600 

5-10 

Stocking size 

6-7 mm 

2.5-3 cm/0.2-0.3 g 
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Food 

Advanced fry 
production 

Fingerling 

production 

Natural 

rotifers cladoceres 
cape pods 

large zooplankters. 
chironomids 

Artificial 

mixture soybean 
meal, wheat meal, 
fish meal, blood/' 
meat meal 

ground wheat /balanced 
feed 30% protein 

Size 

0.1 -0.2 mm 
particles 

up to 3 mm pellets 

DFR 

1-5 1/100000 ind. 

10%. 5-10% biomass 

Harvesting size 

2.5-3 cm/0.2-0.3 g 

8-12 cm/ 10-40 g 

Survival, percent 

30-60 

80 

Yield, t/ha 


1-2 
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